The full-length genome of goose hemorrhagic polyomavirus (GHPV), the ethiologic agent of hemorrhagic nephritis and enteritis of geese, was cloned and sequenced. Transfection of the circular ds DNA with a size of 5256 bp and an organisation typical of polyomaviruses produced viral progeny in cultured goose cells. According to the splicing sites determined by RT-PCR, five open reading frames (ORFs) were found to encode putative proteins with significant similarities to large T antigen and small t antigen as well as VP1, VP2, and VP3 of other polyomaviruses. An additional ORF located in the 5Ј region of late mRNA, with a coding capacity for 169 amino acids, shows a low degree of homology to VP4 of avian polyomavirus (APV). The alignment of nucleotide sequences and amino acid sequences revealed a relatively close relationship between GHPV and APV. Therefore, grouping of this new polyomavirus into the proposed subgenus Avipolyomavirus is suggested.
Introduction
A novel polyomavirus, designated as goose hemorrhagic polyomavirus (GHPV), has been identified as the ethiologic agent of a fatal disease in geese (Guerin et al., 2000) . This disease, called hemorrhagic nephritis and enteritis of geese (HNEG), affects geese at an age of 4 to 10 weeks with high morbidity and high mortality rates (Miksch et al., 2002; Schettler, 1980) ; nephritis, enteritis, ascitis, and oedema of the subcutaneous tissues are observed. Outbreaks of HNEG were first reported in 1969 in Hungary (Bernath and Szalai, 1970) , however, the disease was subsequently recognised in Germany (Schettler, 1980) and France (Sans, 1992; Vuillaume et al., 1982) . In 2001, two novel outbreaks of HNEG with mortality rates up to 43% were observed in the south of Germany (Miksch et al., 2002) .
Based on structural characteristics of the viral particle and sequence analysis of a 1175 bp fragment of the viral genome amplified by random PCR, GHPV was classified as a new species within the polyomavirus genus (Guerin et al., 2000) . Polyomaviruses are nonenveloped particles with a diameter of about 45 nm containing a circular ds DNA genome consisting of approx. 5,000 bp. The genome is transcribed bidirectionally for the expression of early and late genes. A noncoding regulatory region contains sequences necessary for viral DNA replication and for transcription of viral mRNAs. The early mRNAs encode the large tumour antigen (large T) and small tumour antigen (small t), which are multifunctional regulatory proteins. Some polyomaviruses encode an additional tumour antigen, middle T, involved in transformation of cells. The late mRNAs encode the viral structural proteins VP1, VP2, and VP3 which form the viral capsid. An additional open reading frame (ORF) located in the 5Ј region of the late mRNA of SV 40, JCV, BKV, and bovine polyomavirus encodes the socalled agnoprotein (Jackson and Chalkley, 1981; Rinaldo et al., 1998; Schuurman et al., 1990 ), a protein with still unknown function (Shah, 1996) .
As compared to mammalian polyomaviruses, the avian polyomavirus APV (Johne and Mü ller, 1998) has uncommon biological and structural characteristics. Whereas mammalian polyomaviruses establish innocuous infections in their natural nonimmunocompromised hosts, APV causes a severe multisystemic disease with high mortality rates in various species of birds (Krautwald et al., 1989; Johne and Mü ller, 1998; Sandmeier et al., 1999) . The analysis of the genome revealed remarkable differences in the noncoding regulatory region and the region encoding large T (Rott et al., 1988; Luo et al., 1994) . Also, additional proteins are encoded in the 5Ј region of the late mRNA which show no homologies to other polyomavirus proteins. One of these proteins, incorporated into the viral capsid and designated as VP4 (Johne and Mü ller, 2001) , has been shown to be an apoptotic inducer (Johne et al., 2000) . Based on the differences between APV and mammalian polyomaviruses, it has been suggested to place this virus into a new subgenus within the polyomaviruses for which the designation Avipolyomavirus has been proposed (Stoll et al., 1993) .
Here we describe the cloning and sequencing of the full-length genome of GHPV, which revealed an organisation typical of polyomaviruses. Alignments of the amino acid sequences deduced from the major ORFs showed homologies to large T, small t, VP1, VP2, and VP3 of other polyomaviruses. The significance of an additional ORF with a coding capacity of 169 amino acids (aa), located in the 5Ј region of the late mRNAs of GHPV, needs to be further investigated. GHPV was found to be most closely related to APV. This underlines the suggestion to group polyomaviruses of birds into the proposed subgenus Avipolyomavirus.
Results

Cloning of the GHPV genome
Attempts to isolate virus from the kidney of a GHPVinfected goose were performed by the inoculation of tissue homogenates onto primary cultures of goose kidney cells (GKC), goose liver cells (GLC), or goose fibroblasts (GF) and subsequent passaging. Even after five passages, however, no cytopathic changes were observed (not shown). Using the cells from the fifth passage, a PCR specific for the GHPV genome (Guerin et al., 2000) was negative in all cases (not shown). Therefore, the viral genome was cloned directly from virus particles, purified from homogenised and 1,1,2-trichlorotrifluoroethane-treated kidney tissue, together with caesium chloride density centrifugation (not shown). DNA was extracted from the virus particles, treated with EcoRI, and a DNA fragment with a size of 5.2 kbp was ligated with the EcoRI-restricted vector pBluescript II SK(ϩ). After transformation, two clones were selected which contained the 5.2 kbp insert.
With cloned DNA, transfection studies were performed to test whether infectious virus could be recovered from the transfected cells. To this end, the viral sequences were excised from the plasmids, ligated, transfected into GKC, GLC, and GF cells, respectively, and supernatants were passaged repeatedly. After two passages, discrete cytopathic changes and detachment of cells were observed in the case of GKC infected with the supernatant of transfected GLC (not shown).
Nucleotide sequence determination
One of the clones was selected and the insert was sequenced using primers M13, M13 reverse, VP1F, and VP1R (Guerin et al., 2000) as well as primers designed by the primer walking method (Table 1) . A total of 10 segments were used to assemble the sequence of the insert. To ensure that the complete genome had been cloned using EcoRI, a PCR amplifying the region which contains this restriction site was performed with DNA extracted from the kidney homogenate. Sequencing of the PCR product revealed no additional sequences, indicating an unique EcoRI-site in the GHPV genome. The GHPV genome consists of 5256 bp (Fig. 1) . ORFs encoding putative proteins with distinct homologies to the polyomavirus proteins large T and small t are localized on one DNA strand and ORFs with homologies to VP1, VP2, and VP3 are located on the other (Table 2 and Fig. 2 ). Based on a nucleotide numbering commonly used for polyomavirus genomes, the initiation codon common to large T and small t was defined as zero coordinate, and the numbering proceeds from this position through the origin of replication and the late region towards the early region (Fig. 3) . A phylogenetic analysis of the GHPV genome sequence in relation to the genomes of nine other polyomaviruses using the Clustal W method reveals the closest relationship to APV, which forms a separate branch with GHPV ( Fig. 4a) .
Rescue of infectious GHPV progeny and determination of splicing sites
Putative splicing sites present in the GHPV genome were predicted based on homologies with the APV genome (Luo et al., 1995) , and primers were constructed for the amplification of a region covering a predicted splicing site of the early mRNA as well as for the amplification of two regions covering predicted splicing sites of the late mRNA (Table  1) . Electrophoresis of RT-PCR products obtained with these primers and RNA isolated from GKC, GLC, or GF cells transfected with cloned viral DNA as mentioned before resulted in a pattern of bands with the predicted size (Figs. 5 and 6). No RT-PCR products were observed when RNA was isolated from cells infected with the supernatants of the transfected GKC or GF cells (not shown). However, when the supernatant of transfected GLC was used for the infection of GKC, GLC, and GF cells, the rescue of infectious virus could be demonstrated by the detection of spliced mRNA in these cells (Fig. 6 ). After an additional passage, the presence of RT-PCR products, indicating virus replication, was observed only in the case of GKC.
Using primers iearly-1 and iearly-2 with binding sites in the early mRNA, a 605-bp product corresponding to unspliced mRNA and a 418-bp product indicating the spliced mRNA were visible (Fig. 5a ). As determined by DNA sequencing, nucleotides with the numbers 4768 to 4959 were removed in the spliced mRNA. Using primers i1/ 2late-1 and i1/2late-2 with binding sites in the 5Ј region of the late mRNA, two products with 696 bp (unspliced mRNA) and 624 bp (spliced mRNA) were visible (Fig. 5b ). In the spliced mRNA, nucleotides with the numbers 427 to 499 were removed corresponding to intron 1 of the APV late mRNA. No additional RT-PCR products were detected using these primers, indicating the absence of additional introns; this is in contrast to APV (Luo et al., 1995) . Using the primers i3late-1 and i3late-2 with binding sites in the central region of the late mRNA, RT-PCR products with 1024 bp (unspliced mRNA) and 221 bp (spliced mRNA) were amplified (Fig. 5c) . Removal of nucleotides from position 1083 to 1904 resulted in the spliced version of this late mRNA. It is shown in Fig. 5 that the sequences of the splicing sites are conserved in the GHPV and the APV genomes.
Comparison of the deduced amino acid sequences
Removal of the intron sequence of the early mRNA results in an ORF encoding a 636 aa protein, the putative large T. An alignment analysis showed the highest percentage of identity (49.2%) with APV large T, the lowest percentage of identity (25.9%) with the large T of Kilham polyomavirus. A phylogenetic tree set up for the large T antigens of 10 different polyomaviruses (Fig. 4b) shows that those of the avian polyomaviruses form a separate branch. In a detailed analysis, conserved domains (Pipas, 1992) are found predominantly in the N-terminus of the protein: the J-domain carrying the highly conserved HPDKGG-box (aa 36 -41) and the pRB-binding motif, which carries-in contrast to APV large T-the perfect LXCXE sequence (aa 65-69). In the region carrying the nuclear localisation signal (NLS) of the large T antigens of mammalian polyomaviruses, sequence conservation is missing (STPPKGPR, aa 125-132). However, a putative NLS is found at position 310 -312 (KRK), analogous to a signal detected in a similar region (RKR, aa 326 -328) in APV large T. As in APV large T (Luo et al., 1994) , the regions most probably responsible for DNA binding, as well as for p53 binding, show no homology to mammalian polyomavirus large T antigens. A Zn-finger motif observed in this region and unique in APV large T (CX 2 CX 15 HX 3 H, aa 130 -153) shows aa exchanges at two important positions in GHPV large T (CX 2 VX 15 LX 3 H, aa 153-176), questioning its significance for DNA binding activity. The regular Zn-finger motif, responsible for hexamerisation of large T antigens in all polyomaviruses, is found at position aa 294 -325 (CX 2 CX 19 HX 3 H). The regions involved in catalytic reactions including the ATPase motifs are largely conserved in GHPV large T.
The unspliced early mRNA contains an ORF with a coding capacity of 160 aa corresponding to small t. In analogy to APV, the coding sequence for small t of GHPV does not contain the further small intron present in SV40, as no other splicing variants were found. The C-terminal part, unique in small t and not shared with large T (aa 100 -160), only has a homology of 27.4% to the corresponding region of APV small t; homology to the corresponding regions in mammalian polyomavirus small t antigens is even lower. A putative PP2A-binding site (CXCX 2 C) is not evident from the sequence and is also missing in APV small t. An ORF Fig. 4 . Analysis of the phylogenetic relationship between 10 polyomaviruses. The phylogenetic trees were constructed on the basis of (a) the DNA sequences of the complete genomes, (b) the deduced amino acid sequences of large T antigens, or (c) the deduced amino acid sequences of VP2.
corresponding to a middle T is also missing in the GHPV genome.
The amino acid sequence encoding the putative VP1, 353 aa in size, has been determined previously (Guerin et al., 2000) . The nucleotide sequence determined here differed only in four out of 1174 nucleotide positions (T2165C, G2507T, G2807A, G2858A), not resulting in aa exchanges. Identity to VP1 of the other polyomaviruses is in a range from 53.1 to 59.8%. In accordance to results published recently (Guerin et al., 2000) , no grouping of GHPV VP1 with other polyomaviruses is observed in phylogenetic studies (not shown). Two putative NLS sequences (PKYKRPR, aa 3-9; and RKRLVR, aa 281-286), as well as amino acids probably involved in calcium binding (E 146 , E 149 , E 319 , and E 320 ), are evident.
The ORF encoding VP2 with a size of 326 aa is located upstream of the VP1-encoding region, which is partially overlapped. By removal of intron late 2 (Fig. 3) , most of the VP2-ORF is also removed leading to mRNA for VP1 translation. It is a common feature of polyomaviruses that VP3 is encoded by the ORF also encoding VP2, however, by using an internal initiation codon. Only two methionines (aa 110 and aa 268) are observed within the coding region of VP2; of these the first is considered to be the N-terminal amino acid of VP3, leading to a 217 aa protein. An alignment of 10 VP2 sequences shows only limited homologies (GHPV VP2 Fig. 5 . Determination of splicing sites. RT-PCR products obtained from GF cells 3 days after transfection with the cloned viral genome were analysed on 1.5% ethidium bromide-stained agarose gels. The determined sequences of the splice junctions and the corresponding sequences in APV are indicated on right side. Lane M: DNA size markers (100 bp marker, Fermentas). RT-PCR products were amplified using (a) primers iearly-1 and iearly-2 covering the intron of the early mRNA, (b) primers i1/2late-1 and i1/2late-2 covering the intron 1 of the late mRNA, and (c) primers i3late-1 and i3late-2 covering the intron 2 of the late mRNA of GHPV.
to APV VP2 33.3%, GHPV VP2 to Py VP2 23.4%). Consequently, in a phylogenetic tree, GHPV VP2 forms a separate branch (Fig. 4c) . APV VP2 has been shown to be myristoylated (Schmidt et al., 1989) ; a structural feature of most myristoylated proteins, S at position 6 and G at position 2, is also present in GHPV VP2. Basic amino acids, which have bee shown to represent the nuclear localisation signal in SV40 and APV, are also found in the common C terminus of VP2 and VP3 of GHPV (KKXKKRXRX 7 KR-RXR, aa 299 -318).
Another ORF, located in the 5Ј region of the late mRNA, in a position of the ORFs encoding agnoproteins in SV 40, JCV, BKV, and bovine polyomavirus, or VP4 in APV, was designated as ORF-X in GHPV. Starting at nucleotide position 349 and by removing of intron late 1, ORF-X has a coding capacity of 169 aa. Alignment of these aa with agnoproteins did not reveal significant similarities (not shown). A similarity search of the GenBank database using the BLAST search facility also did not reveal any significant homologies to known proteins. By alignment of ORF-X with VP4 of APV, only 11.2% identity was found. However, as evident from Fig. 7 , both proteins are rich in proline (27 prolines out of 169 residues in ORF-X, 25 out of 176 residues in VP4) and show higher homology in the Nterminal and central regions. Any homologies to sequences in VP4 previously speculated to be involved in DNA-binding acitivity, dimerisation, or induction of apoptosis (Johne and Müller, 2001; Johne et al., 2000) are not present in ORF-X.
Structure of the noncoding regions
Based on the determination of ORFs, two noncoding regions can be predicted from the GHPV genome sequence, the first covering nt 1-348, which most likely represents the regulatory region including the origin of replication, and the second, between nucleotides positions 3027 and 3153 on the opposite side of the genome. In this region, polyadenylation signals (AAUAAA) for the late mRNA (nt 3034 -3038) and for the early mRNA (nt 3076 -3071, reverse orientation) are located (Fig. 1) .
The noncoding regulatory region should contain promotor elements for early and late mRNA transcription and sequences necessary for genome replication. A comparison of this region with that of SV40 and other mammalian polyomaviruses reveals only limited similarities in the structure of this region. The nucleotide sequence of the noncoding regulatory region of GHPV is presented in Fig. 8. An A/T-rich stretch, possibly representing the TATAAbox motif for the early mRNA, is present between nt 65 and 56. In the case of late mRNA, an A/T-rich region is visible at position 255-265, and another TATAA motif is located at position nt 280 -284. Another structural feature of the origin of replication of polyomaviruses are tandem repeats which vary in length from 45 bp (APV) to 72 bp (SV40) and which contain binding sites for various cellular proteins. In the case of GHPV, however, no perfect tandem repeat is found in this region. Nevertheless, a search of binding sites for known (mammalian) transcription factors revealed an accumulation of binding sites in this region; those for AP-1, Sp1, Oct-1, and NF-kB are shown in Fig. 8 .
The pentanucleotide GAGGC, indicative of large T binding in SV40, is found only once in the GHPV noncoding region (nt 140 -136, reverse orientation). As GHPV large T has a high homology to APV large T, however, the large T binding sites on the origin of replication also should be conserved between these viruses. In APV, the palindromic sequence TCC(A/T) 6 GGA has been identified as large T binding site (Luo et al., 1994) . Indeed, two related sequences are present in the GHPV noncoding region, in close proximity: CCC(A/T) 6 GGA at nt 157, and ACC(A/T) 6 GGA at nt position 172 in reverse orientation.
Discussion
In addition to APV identified in 1981, GHPV isolated recently represents the second member of the polyomavirus family which infects birds under natural conditions of infection. Both viruses are causative agents of fatal disease in their natural hosts which is in marked contrast to the biological behaviour of mammalian polyomaviruses. Beside these similarities, however, biological differences can also be observed; as GHPV only could be propagated in goose kidney cells (Guerin et al., 2000) , this virus is considered to have a high cell type and species specificity, in contrast to APV, which replicates in many cell types of various avian species (Stoll et al., 1994) . The analysis of the GHPV genome sequence should provide first insight into the structural basis of these differences.
GHPV could not be isolated from the kidney of a GHPVinfected goose by the inoculation of tissue homogenates onto three types of primary goose cell preparations, most probably due to the poor quality of the sample. Therefore, a direct cloning method was applied. A plasmid containing the full-length genome of GHPV was constructed to enable genome analysis and manipulations in further studies. Transfection of the cloned genome into GLC, but not into GKC or GF, resulted in the generation of infectious virus as demonstrated by the presence of spliced mRNA after repeated passages of the tissue culture supernatants. A low transfection efficiency in those cell type cases combined with a low replication rate of the virus may explain these differences. After the first passage of supernatant from transfected GLC, spliced mRNA indicating GHPV replication was observed in all three cell types. This is in contrast to observations of Guerin et al. (2000) , who reported a distinct GKC specificity of GHPV. Indeed, the relative amounts of RT-PCR products obtained with GLC and GF cells were considerably lower as compared to GKC. Furthermore, in the second passage, no RT-PCR products were detected in these cases indicating low susceptibility of these cell types to GHPV infection. Further studies including in situ hybridisation with the organs of GHPV-infected animals will allow more insight into organ and cell-type specificity.
The GHPV genome has the typical organisation of a polyomavirus genome. As no middle T-antigen-encoding ORF was found, one might tend to classify this virus as an SV40-like polyomavirus. However, a detailed analysis reveals the closest relationship of GHPV to APV. Both viruses show considerable differences to the SV40-like polyomaviruses, which are most evident in (i) the deduced amino acid sequences of large T showing significant differences, particularly in the region involved in DNA binding, (ii) the structure of the noncoding regulatory region showing palindromic instead of pentameric binding sites for large T, and (iii) the structure of the 5Ј region of the late mRNA showing additional intron sequences and ORFs with no significant homologies between the avian and the SV40-like viruses. These structural properties in combination with the biological differences mentioned above lead us to the suggestion to place GHPV into the subgenus recently proposed for APV and designated as Avipolyomavirus (Stoll et al., 1993) .
In recent studies, some of the unusual biological properties of APV were linked to the expression of VP4 during viral replication (Johne et al., 2000) . As it is a potent inducer of apoptosis, it has been speculated that the disease following APV infection is caused-at least in part-due to the extensive loss of cells by the programmed cell death without stimulating the host's immune system. Further studies will clarify whether the protein encoded by the ORF-X of GHPV, which shows only limited homology to VP4 of APV, exerts the same function during GHPV-infection of geese.
Materials and methods
Samples and attempts of virus isolation
The kidneys of a goose which died during an outbreak of HNEG in the south of Germany in 2001 (Miksch et al., 2002) were collected and stored at Ϫ80°C. The presence of the GHPV genome in these samples has been previously demonstrated by PCR (Miksch et al., 2002) . A 10% organ homogenate in phosphate-buffered saline (PBS), clarified by low speed centrifugation, was used in virus isolation trials. Primary cultures of goose cells were prepared from 23-day-old goose embryos (embryonated eggs were kindly provided by H. Köhler, Institution for Agriculture and Horticulture Sachsen-Anhalt, Iden, Germany) by standard techniques. Briefly, GKC were prepared by trypsination of kidneys and maintained in DMEM (Life Technologies, Gaithersburg, MD; USA) supplemented with 10% chicken serum (Life Technologies). GLC, prepared from trypsinised livers, were maintained in IMDM (Life Technologies) supplemented with 10% foetal calf serum. GF cells were prepared from trypsinised skin and connective tissue and maintained in DMEM supplemented with 5% foetal calf serum. All cultures were incubated at 38°C and passaged weekly. For virus isolation, cells from the second and third passage were inoculated with the organ homogenate for 2 h at 38°C. Thereafter, cells were washed once with PBS and maintained in the corresponding medium at 38°C for 10 days. For passaging of virus, cells were frozen and thawed three times, and the supernatant was used for the infection of fresh cultures. Cells were screened daily by light microscopy for the development of cytopathic changes.
Purification of virus and isolation of viral DNA
A total of 5 g of kidney, homogenised using mortar and pestle, was sonificated in the presence of 1,1,2-trichlorotrifluorethane (Roth, Germany). Cellular debris was removed by low-speed centrifugation and the supernatant was subjected to repeated caesium chloride density centrifugation as described previously (Müller and Nitschke, 1986) . A faint protein band was extracted and concentrated by ultracentrifugation. The resulting pellet was redissolved in 200 l of doubly distilled water and treated for 1 h at 42°C with proteinase K (50 g/ml, Roche) in the presence of 1% SDS. After heat-inactivation of proteinase K for 10 min at 95°C, the mixture was treated with RNase A I (Amersham Biosciences) for 30 min at 37°C. The DNA was extracted using phenol/chloroform, precipitated with ethanol, and redissolved in doubly distilled water according to standard protocols (Sambrook et al., 1989) .
Cloning and sequencing of the viral genome
Viral DNA and the cloning vector pBluescript II SK (ϩ) were digested using EcoRI according the instructions of the manufacturer (New England Biolabs, Beverly, MA, USA). The vector was treated with alkaline phosphatase (Amersham Biosciences) and subsequently ligated with the viral DNA. After transformation of XL-1 blue MRF' cells (Stratagene, Za Jolla, CA, USA), clones carrying the viral DNA were identified by EcoRI digestion. The plasmids were purified using the Qiagen Plasmid Midi Kit (Qiagen, Chatsworth, CA, USA).
The insert of one plasmid was sequenced using dye terminators in an ABI PRISM device (Applied Biosystems, Foster City, CA, USA). The primers M13 and M13 reverse (Amersham Biosciences) as well as VP1F and VP1R (Guerin et al., 2000) were used in a first step. The full-length sequence of the insert was further established by sequencing of partially overlapping sequences using primer walking with the primers listed in Table 1 .
Determination of the DNA sequence containing the EcoRI-site of the viral genome
To ensure that the whole genome had been cloned, a PCR was carried out amplifying the region of the viral DNA which carries the cloning site. The DNA was extracted from kidney tissue using the DNeasy Tissue Kit (Qiagen). With this DNA as template, the PCR was carried out in a Peltier Thermal cycler PTC-200 (MJ Research) using the Expand High Fidelity PCR Kit (Roche) and the primers PCR-1 and PCR-2 (Table 1 ). The PCR product was purified using the Qiaquick DNA Purification Kit (Qiagen) and sequenced directly using the PCR primers.
Transfection of the viral genome
The viral genome was excised from the plasmid by EcoRI-digestion, separated by agarose gel electrophoresis, and purified using the Qiaquick DNA Purification Kit (Qiagen). After self-ligation of 3 g of the purified fragment using T4 DNA ligase (New England Biolabs), the DNA was mixed with 10 l LipofectAMINE reagent (Life Technologies) in serum-free OptiMEM I (Life Technologies). Preconfluent monolayers of cells from the fifth to seventh passage were incubated for 2 h at 38°C with the transfection mix. Thereafter, the mixture was removed and the cultures were harvested either at 4 days after transfection for RT-PCR analysis, or at 5 days after infection for passaging of newly generated virus. In the latter case, cells were frozen and thawed once and the supernatant was used for infection of fresh cell cultures.
Determination of splicing sites
Total RNA was extracted from transfected or infected cells using the RNeasy Tissue Kit (Qiagen). Primers for use in RT-PCR were designed on the basis of splicing sites deduced from the established GHPV sequence (Table 1) covering one putative intron in the early mRNA and one putative intron in the late mRNA which are common to all polyomaviruses, as well as additional putative introns in the 5Ј region of the late mRNA which only present in the APV genome. RT-PCR was performed using the Qiagen One Tube RT-PCR System (Qiagen). RT-PCR products were analysed by electrophoresis on ethidium bromide-stained agarose gels. Visible bands were extracted using the Qiaquick DNA Purification Kit (Qiagen) and sequenced directly using the RT-PCR primers.
Sequence alignment
The full-length genome sequence of GHPV was assembled from the fragments obtained by sequencing of the cloned viral DNA with different primers using the EditSeq module of the Lasergene system software (DNASTAR).
